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1. Introduction
The support of NR dynamic spectrum sharing (DSS) work item is introduced in Rel-17 to accommodate different network deployments. The objectives of NR DSS are specified in [1] (quoted below) and some agreements on cross-carrier scheduling from SCell to PCell were reached at the RAN1#102-e meeting [2] (quoted below). In this contribution, we discuss the further issues on cross-carrier scheduling from SCell to PCell and some proposals are given. 
[1]	RP-193260, ” New WID on NR Dynamic spectrum sharing (DSS)”
	3	Justification
Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. DSS was included already in Rel-15 and further enhanced in Rel-16. As the number of NR devices in a network increases, it is important that sufficient scheduling capacity for NR UEs on the shared carriers I ensured.   
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
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



[2] Chairman Notes, 3GPP TSG RAN WG1 meeting #102-e, e-Meeting, August 17th-28th 2020.
	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
 
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed


As can be seen in the agreements above, there can be only one SCell that is allowed to schedule the P(S)Cell. Here in this contribution, we denote this SCell as the “special SCell”. 
2. Discussions
2.1 Difference between PDCCH on PCell and PDCCH on SCell
According to standard in NR Rel-15/16 [5], UE-specific PDCCH on PCell may have some functionality. In order to support SCell scheduling PCell, RAN1 may need to consider backward compatibility of current functionality. 
The first one is overbooking issue, since gNB in NR Rel-15 PCell is allowed to configure a number of PDCCH candidates larger than what UE can afford to decode in a slot. Once UE-specific PDCCH for PCell could be placed in the special SCell, whether to support overbooking on the special SCell for PCell may need further study. 
The second issue is, in NR Rel-16 power saving agenda, L1 signalling (e.g., DCI format 1_1) could be used for indicating SCell dormancy for power saving. However, once UE-specific PDCCH on PCell is transferred to the special SCell, whether to allow the special SCell to be dormant or how to support SCell dormancy signalling may also need further study. 
Proposal 1:	For UE-specific PDCCH on SCell scheduling P(S)Cell, RAN1 continue to study: 
· How to support existing NR Rel-15/16 PDCCH functionality related to the PCell. 

2.2 Implementation of cross-carrier scheduling from SCell to P(S)Cell
According to the RAN1 #102-e agreement [2], it can be concluded that when cross-carrier scheduling from an SCell to PCell/PSCell is configured, only the following scheduling combinations are allowed:
(1) self-scheduling on the PCell/PSCell.
(2) self-scheduling on the ‘SCell used for scheduling PCell/PSCell’
(3) cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell, wherein another serving cell may be the ‘PCell/PSCell’ and/or an ‘SCell’ other than the special SCell. 
At the same time, although the search space and DCI format handling for the allowed scheduling combinations above is currently FFS, it is commonly understood that some kinds of the search space and DCI format are not suitable or not possible to be moved from PCell/PSCell to SCell, such as some common search space. That is also the reason that self-scheduling on the PCell/PSCell should be allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured.
However, it is still not clear whether UE should simultaneously allow both self-scheduling on the PCell/PSCell and cross-carrier scheduling from the special SCell to the PCell/PSCell or not. Since the major objective of the work item is to move the scheduling of PDSCH or PUSCH on the ‘PCell/PSCell’ from the ‘PCell/PSCell’ to the special SCell, it may cause more power consumption to monitor PDCCH on both the ‘PCell/PSCell’ and the special SCell. On the other hand, because the ‘PCell/PSCell’ is the only always activated cell in the cell group and the SCell can be deactivated upon higher layer, it should be necessary for UE to monitor the scheduling of PDSCH or PUSCH on the ‘PCell/PSCell’ by the PDCCH on the PCell/PSCell when the special SCell is deactivated.
Therefore, the implementation of this work item should be considered. It should be a feature that can be activated/deactivated by network under the configuration of the feature, instead of always activating the feature when it is configured. By this way, network can have more scheduling flexibility on UE-specific search space, such as switch the scheduling cell back to the ‘PCell/PSCell’ upon the case of beam failure on the special SCell, and switch the scheduling cell to only the special SCell upon the case for UE to reduce power consumption. In other cases, monitoring both the ‘PCell/PSCell’ and the special SCell for PCell/PSCell should also be possible.
Proposal 2: The implementation for SCell scheduling P(S)Cell should be discussed, e.g. supporting activation/deactivation of the feature. 

2.3 Beam failure recovery procedures for the special SCell
NR supports beam operations for a cell to enhance cell coverage and UE/NW reception/transmission reliability. To maintain UE/NW beam functionality, some beam failure recovery (BFR) mechanisms for a UE are designed and performed when UE beam failure is detected for a cell. 
In NR Rel-15, UE would recover beam failure by triggering RACH procedure. In NR Rel-16, when beam failure occurs to a SCell, UE would transmit BFR MAC CE on PUSCH for indicating candidate beams and the SCell that encounters beam failure. When it comes to DSS framework, once the special SCell encounters beam failure, which procedure (based on RACH procedure or based on transmitting BFR MAC CE on PUSCH) for UE to recover the special SCell from beam failure needs further study. 
Proposal 3: RAN1 study BFR operations/mechanism for the SCell scheduling P(S)Cell. 
[bookmark: _GoBack]
2.4 Clarification on the current agreements
At the RAN1#102-e meeting [3], the following agreement about the number of the SCells scheduling the P(S)Cell is reached. 
	Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed


Based on the agreement, if a UE is configured with dual connectivity (DC) operation, the UE seems to be configured with only one special SCell to schedule the PCell and/or the PSCell. 
According to Rel-16 TS 38.331 [5] quoted below, the schedulingCellId field in the current IE CrossCarrierSchedulingConfig requires that the scheduling cell and the scheduled cell are in the same cell group (i.e. MCG or SCG). However, the current agreement seems to allow the special SCell to schedule two cells in different cell groups (the PCell in MCG and the PSCell in SCG). Therefore, the applicable scenarios of the current agreement need to be clarified, if the same principle/framework of cross-carrier scheduling in NR Rel-15/16 is at least mostly reused as suggested by most companies. 
	<Quotation from TS 38.331>
	CrossCarrierSchedulingConfig field descriptions

	….

	schedulingCellId
Indicates which cell signals the downlink allocations and uplink grants, if applicable, for the concerned SCell. In case the UE is configured with DC, the scheduling cell is part of the same cell group (i.e. MCG or SCG) as the scheduled cell. If drx-ConfigSecondaryGroup is configured in the MAC-CellGroupConfig associated with this serving cell, the scheduling cell and the scheduled cell belong to the same Frequency Range.






In our view, there are three possible scenarios of the current agreement that can be interpreted as follow: 
A. There is only one special SCell, which can schedule the PCell and the PSCell simultaneously. 
The cross-carrier scheduling principle/framework in NR Rel-15/16 needs to be largely modified.
B. There is only one special SCell, which can schedule either the PCell or the PSCell. It means that the feature of SCell scheduling P(S)Cell can only be applied in one cell group, and cannot be applied simultaneously in the MCG and the SCG. The  cross-carrier scheduling principle/framework in NR Rel-15/16 can be mostly reused.
C. Only one special SCell can be configured “in a cell group”, i.e. a first special SCell in the MCG can schedule the PCell and a second special SCell in the SCG can schedule the PSCell in the SCG. 
The  cross-carrier scheduling principle/framework in NR Rel-15/16 can be mostly reused.
Which scenario(s) above is applicable needs to be clarified. In our aspect, scenario B and scenario C seem more reasonable to reuse the cross-carrier scheduling principle/framework in NR Rel-15/16. Moreover, scenario C allows more scheduling flexibility than scenario B. 
Proposal 4: For the current agreement “Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed”, clarify which scenario(s) is applicable. 
A. There is only one special SCell, which can schedule the PCell and the PSCell simultaneously. 
B. There is only one special SCell, which can schedule either the PCell or the PSCell.
C. Only one special SCell can be configured in one cell group. 
3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1:	For UE-specific PDCCH on SCell scheduling PCell, RAN1 continue to study: 
· How to support existing NR Rel-15/16 PDCCH functionality related to the PCell. 
Proposal 2: The implementation for SCell scheduling P(S)Cell should be discussed, e.g. supporting activation/deactivation of the feature. 
Proposal 3: RAN1 study BFR operations/mechanism for the SCell scheduling P(S)Cell. 
Proposal 4: For the current agreement “Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed”, clarify which scenario(s) is applicable. 
A. There is only one special SCell, which can schedule the PCell and the PSCell simultaneously. 
B. There is only one special SCell, which can schedule either the PCell or the PSCell. 
C. Only one special SCell can be configured in one cell group.
Reference
1. RP-193260, ” New WID on NR Dynamic spectrum sharing (DSS)”, Ericsson
1. Chairman Notes, 3GPP TSG RAN WG1 meeting #102-e, e-Meeting, August 17th-28th 2020.
1. 3GPP TS 38.213 V16.3.0 (2020-09), ”3GPP TSG RAN; NR; Physical layer procedures for control (Release 16)” 
1. 3GPP TS 38.321 V16.2.1 (2020-09), ” 3GPP TSG RAN; NR; Medium Access Control (MAC) protocol specification (Release 16)” 
1. 3GPP TS 38.331 V16.2.0 (2020-09), ” 3GPP TSG RAN; NR; Radio Resource Control (RRC) protocol specification (Release 16)” 

