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Introduction
In the RAN #86 meeting, a new WID on NR Dynamic spectrum sharing (DSS) was agreed for NR Rel-17 [1]. During the WID, it is expected to work on NR CA enhancements for better support of DSS, specifically necessary enhancements to introduce cross-carrier scheduling from SCell to PCell. The work is motivated by the issue of lack of PDCCH scheduling capacity in the NR PCell, which may arise when the NR PCell shares a spectrum with a LTE cell.
The following is the objective of the WID [1]:
	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 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



In this contribution, we address our views on high level issues in supporting SCell-to-PCell cross-carrier scheduling.

Discussion
PDCCH monitoring set for PCell
In this tdoc, it is assumed that the PCell is cross-carrier scheduled by one SCell. In the legacy LTE and NR, UE monitors non-fallback DCI in a USS or a USS set of a scheduled cell based on either self-scheduling or cross-carrier scheduling. Similarly, when the cross-carrier scheduling is applied for PCell, UE can basically monitor non-fallback DCI (DCI format 0_1/1_1, 0_2/1_2) for the PCell in the SCell USS sets. Here, the DCI to be monitored is the DCI for the PCell and is with CRC scrambled by C-/CS-/MCS-C-RNTI. The PCell can be interpreted as the PSCell for the SCG.
One important aspect to be considered in cross-carrier scheduling for PCell is the fallback scheduling. Firstly, UE needs to monitor fallback DCI during the PCell RRC reconfiguration. Secondly, even if the SCell PDCCH link is broken, UE should still be able to monitor the DCI for the PCell. If the UE only monitors the SCell USS sets, the above fallback scheduling cannot be performed. Therefore, some additional monitoring is required to retain the fallback functionality. On top of the SCell USS set monitoring, potentially the following components can be added to the monitoring set list:
· S1: Fallback DCI (DCI format 0_0/1_0) for PCell in SCell USS set
· S2: Fallback DCI for PCell in SCell CSS set (i.e., Type3 CSS set)
· S3: Fallback DCI for PCell in PCell CSS set
· S4: Fallback DCI for PCell in PCell USS set
· S5: Non-fallback DCI for PCell in PCell USS set
In Table 1, some search space set combinations for monitoring for SCell-to-PCell cross-carrier scheduling are listed. The larger the monitoring set is, the larger the scheduling flexibility is. The monitoring set S2, i.e., use of the SCell CSS set for cross-carrier scheduling, may be deprioritized over others.
Proposal 1: For SCell-to-PCell cross-carrier scheduling, UE at least monitors non-fallback DCI (i.e., DCI format 0_1/1_1, 0_2/1_2) for the PCell in the SCell USS set.
Observation 1: The PCell fallback scheduling operation should be supported regardless of whether self-scheduling or cross-carrier scheduling is applied to the PCell.
Proposal 2: Discuss monitoring set(s) for the PCell in addition to the non-fallback DCI in the SCell USS set in case of SCell-to-PCell cross-carrier scheduling.
Table 1. Examples of UE’s PDCCH monitoring set for SCell-to-PCell cross-carrier scheduling
	Options
	Monitoring behaviour
	Features

	Opt. 1 (SCell USS set + S3)
	UE monitors fallback DCI in PCell CSS set and non-fallback DCI in SCell USS set
	· Minimal set satisfying the above two fallback conditions (i.e., the PCell CSS set can be used in fallback scheduling)

	Opt. 2 (Scell USS set + S1 + S3)
	UE monitors fallback DCI in PCell CSS set and/or SCell USS set, and non-fallback DCI in SCell USS set
	· Additionally allows fallback scheduling using the SCell fallback DCI during PCell RRC reconfiguration
· Can include Opt. 1 by configuration

	Opt. 3 (SCell USS set + S1 + S3 + S4 + S5)
	UE monitors fallback DCI in PCell CSS set, PCell USS set, and/or SCell USS set, and non-fallback DCI in SCell USS set and/or PCell USS set
	· Additionally allows fallback scheduling based on non-fallback DCI (during SCell link/beam failure)
· Can include Opt. 1 and Opt. 2 by configuration



DCI size determination/alignment
In NR, if the number of DCI sizes UE monitors “per serving cell” exceeds a limit, the UE performs DCI size alignment across DCI formats to reduce the number of DCI sizes. On the other hand, according to the above argument, UE may monitor multiple scheduling cells (i.e., PCell and SCell) for a scheduled cell (i.e., PCell). In this case, the meaning of the “per serving cell” may need to be clarified.
In the current NR specification, the DCI size alignment is performed within a carrier, from which the number of BDs can be reduced because two PDCCH candidates are counted once if they have the same DCI sizes, the same set of CCEs, and the same scrambling. However, aligning the payload sizes of DCI formats monitored in different carriers is useless because the same CCEs and the same scrambling conditions cannot be met in such case. By taking this into consideration, unnecessary steps in DCI size alignment (if exist) can be skipped in SCell-to-PCell cross-carrier scheduling.
Observation 2: Some clarification is needed in the legacy DCI size alignment procedure for the case where UE monitors multiple scheduling cells (i.e., PCell and SCell) for a scheduled cell (i.e., PCell).
Observation 3: For SCell-to-PCell cross-carrier scheduling, unnecessary steps, if exist, in the current DCI size alignment procedure can be skipped.

[bookmark: _GoBack]Dynamic (de-)activation of cross-carrier scheduling
In DSS, the demand of PDCCH offloading from PCell to SCell would be dynamic depending on LTE/NR traffic situation. Hence, it may be beneficial if the cross-carrier scheduling from SCell to PCell can be dynamically activated and deactivated. To this end, the concept of SCell dormancy indication can be reused. For example, for the SCell, UE can be configured one set of BWPs configured with the SCell-to-PCell cross-carrier scheduling and another set of BWPs not configured with the cross-carrier scheduling. Then, by changing the active BWP between the two sets, the SCell-to-PCell cross-carrier scheduling can be fast activated or deactivated.
Observation 4: It may be beneficial to support fast activation and deactivation of SCell-to-PCell cross-carrier scheduling. Rel-16 BWP switching mechanism can be used for it.

Conclusion
In this contribution, we discussed high level issues on potential enhancements for support of SCell-to-PCell cross-carrier scheduling. The following proposals and observations are drawn:
Proposal 1: For SCell-to-PCell cross-carrier scheduling, UE at least monitors non-fallback DCI (i.e., DCI format 0_1/1_1, 0_2/1_2) for the PCell in the SCell USS set.
Observation 1: The PCell fallback scheduling operation should be supported regardless of whether self-scheduling or cross-carrier scheduling is applied to the PCell.
Proposal 2: Discuss monitoring set(s) for the PCell in addition to the non-fallback DCI in the SCell USS set in case of SCell-to-PCell cross-carrier scheduling.
Observation 2: Some clarification is needed in the legacy DCI size alignment procedure for the case where UE monitors multiple scheduling cells (i.e., PCell and SCell) for a scheduled cell (i.e., PCell).
Observation 3: For SCell-to-PCell cross-carrier scheduling, unnecessary steps, if exist, in the current DCI size alignment procedure can be skipped.
Observation 4: It may be beneficial to support fast activation and deactivation of SCell-to-PCell cross-carrier scheduling. Rel-16 BWP switching mechanism can be used for it.
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